We analyzed the structure and spatial temporal changes of a population of Echinacea pallida in the Tall Grass Prairie Preserve of Oklahoma. Plants were classified into different categories based on total leaf length and transition probabilities for three periods (1997-1998, 1998-1999, 1999-2000) and were used to determine temporal changes.
INTRODUCTION
Spatial patterns of individuals are important characteristics of plant communities (Vacek and Lepš 1996; Godron and Forman 1986) and can be used for analysis of species replacement (Horn 1975; Woods 1979; Busing 1996) , species regeneration (Condit et al. 1992) , or adults-juveniles relationships (He et al. 1997) . Also, the spatial distribution of plant individuals is important for the management of natural areas (Moeur 1993) . Temporal changes in the spatial distribution of individuals in a population should be considered because they can depend on successional stages after disturbance (Lepš 1990 ).
Transition matrices are useful tools for demographic studies of organisms with complex life cycles (regeneration processes depending on environmental changes ; Gotelli 1991) and are more realistic than others based on logistic regression (Silvertown 1987) . Demographic parameters of populations fluctuate with varying environmental conditions resulting in ever changing transition matrices. Understanding the effect of these transition matrix changes on populations is of great value and interest to conservation biologists (Schemske et al. 1994; Floyd and Ranker 1998) . Although the use of matrix models has become a very useful tool in analyzing future population changes (Ebert 1999) , the importance of the spatio-temporal models variation affecting *Address correspondence to this author at the Department of Botany, Oklahoma State University, Stillwater 74078, Oklahoma, USA; Tel: +34922318628; Fax: +34922 318311; E-mail: jarevalo@ull.es population structure has only recently been considered (Kalisz and McPeek 1993; Horvitz and Schemske 1995 ).
Conservation of rare or endangered species requires knowledge of factors affecting the population dynamics of those species (Horvitz and Schemske 1995) . As long as a population transition matrix can be derived from the life cycle of a species (Hubbell and Werner 1979) , it is possible to infer quantitative demographic data such as rate of population growth or the stages likely to be affected if present conditions persist (Silvertown et al. 1993 ).
The economic and medicinal significance of Echinacea pallida (Nutt.) Nutt. has indirectly contributed to the rapid decline of wild populations of this plant (Ladd and Oberle 1995) . This herbaceous flowering plant it is one of the less common species of the genus Echinacea (McGregor 1968) , and is becoming a rare species in many areas of the United States. Many studies on the tallgrass prairie stress the importance of fire and bison grazing on plant species composition and structure favoring regeneration in some cases and in others the stabilization of the population (e.g. Collins 1990; Fahnestock and Knapp 1994; Bartha et al. 1995) .
We analyzed the structure of a population of E. pallida in a tallgrass prairie subjected to bison grazing and a natural rate of prescribed fire reinstated since 1993. The study population had been monitored for four years, and had been affected by fall fires (October) prior to the first sampling year (October 1996) and the third year (October 1998). We tested the hypothesis that changes in the structure and spatial distribution of Echinacea´s populations are common and that these changes are related to natural disturbances, favoring the conservation and persistence of the population.
MATERIAL AND METHODS

Study Site
The study was conducted in a zone of the Tall Grass  Prairie Preserve (TGP) in Osage County, Oklahoma  (36  o 49'N, 96   o 23'W) where bisons were present. The preserve encompasses a natural area of approximately 15,800 ha owned and managed by The Nature Conservancy (TNC).
The management program of this preserve is focused to restore a remnant of the tallgrass prairie landscape in Oklahoma (Hamilton 1996) . Prescribed burns are conducted throughout the year: dormant spring burns (March-April), late growing season burns (July-September), and dormant fall burns (October-November). Locations are selected for burning according to the fuel load of the vegetation as well as other management decisions as the maintenance of natural rate of fires (1fire/2 years; Hamilton 1996) . Weather parameters remained around historic averages for this area during the sampling period. Mean temperature and total precipitation were 15.8 o C and 1060 mm, respectively, for the study period (Oklahoma Climatological Survey 2002).
The Species
Echinacea pallida is a new world species and is geographically widespread throughout the eastern half of the United States and parts of Southern Canada (McGregor 1968; Snyder et al. 1994) . E. pallida (Nutt.) Nutt, is a herbaceous perennial forb which grows 40 -90 cm tall. The hirsute stems are mostly simple and occasionally branched. This species has alternate leaves about 10 -30 cm in length (McGregor 1977) . It is a hemicryptophyte (McGregor 1968) with no vegetative reproduction. The life cycle is that of a polycarpic perennial (Cronquist 1980) and has a long lifespam. It germinates in spring (Snyder et al. 1994) , flowering in summer (May -July) and plants of this species have a high survivorship rate (Dickerson, Longren and Hadle 1981) . Leaves duration lasts from early spring to autumn, achene maturity is from summer to autumn, and dispersal of achenes is from autumn to winter (Hemmerly 1976) . Echinacea pallida has a transient seed bank (Johnson and Anderson 1986 ).
Sampling Design
We selected one population of E. pallida located within the preserve where bison grazing and fire have been restored. In this population we selected a 100 x 100 m plot. Within this area, we randomly selected five 10 x 10 m plots. We monitored the Echinacea population at the individual plant level. The location of each plant was marked by an aluminum tag nailed into the ground and mapped using Cartesian coordinates. For each individual plant, we recorded the following information: number of flowering heads, number of stems, height of each flowering head and stem (cm), number of leaves, and length of each leaf (cm). We considered recruitment as the new individuals that appeared in a sampling and were not present in the previous one (we assumed that dormancy is uncommon in this species). The plots were sampled in June from 1997 to 2000.
Statistical Analysis
Plants were classified into categories in order to construct transition matrices. We based stage categories on size using the sum of all the leaf lengths as the parameter to discriminate among categories (Table 1a) . This is considered a good estimator of the development of the plant (Valverde and Silvertown 1997) . In general, plants with a total leaf length less than 25 cm do not produce flowers (pers. observation). Dormancy was uncommon (plants that grew up after being considered dead the previous year) and affected less than 0.01 % of the total individuals. We used a fixed number of categories in order make comparisons among periods. We were unable to include fecundity in the study. However, use of matrixes allowed us to obtain a picture of the changes in the population structure for the study periods. Potential fates of Echinacea pallida in different stages are shown in Table 1b . The transition coefficient a42 indicates the probability of a plant in size class 2 to progress to size class 4 in the next year. A transition probability of a35 indicates the probability of a plant in size class 5 to revert to class 3 during the next year. The information of newly recruited individuals was included next in every coming year in the calculations of the transition matrices. Although we were unable to include fecundity (due to the inability to assign new individuals to the different size classes), the matrix represents the transition of the individuals to either larger classes or regression or remaining in the same class. This information can be visualized easily in a transition matrix. We compared the frequency transition matrices from the plots of each period using the Pearson correlation coefficient to test for significant differences in the distribution of individuals at the different stages (for a p<0.05). The correlation index indicates if the variability in the transition coefficients is either different or not. In the case of non significance, the data of the five plots in each period were pooled to obtain only one matrix for each period (1997-1998, 1998-1999, 1999-2000) .
Matrices are stationary if the elements of the transition probability matrices do not change over time (Usher 1992) . To test the temporal stationary of the transition matrices (between the three periods analyzed) we used the test of Anderson and Goodman (1957) , defined as
Where p ij (t) is the element of the i th row and j th column of each matrix and p ij is the element for the average probability matrix value. -2(ln λ) is distributed asymptotically as χ 2 with m (m-1)(T-1) degrees of freedom (where m is the number of stages and T the number of series).
We studied the spatial distributions of Echinacea pallida in the five plots for the four different years using the Ripley´s univariate K 1 (t) function modified by Szwagrzyk (1992) . Also, spatial distributions of new individuals (juveniles) of the three years were analyzed. This function determines the consistency of the empirical distribution of distances among individuals with the Poisson expectations (Szwagrzyk and Czerwczak 1990) , and is given by the equation:
In this analysis each analyzed plot was divided into the inner circle (A) and the buffer zone (B), where: n=number of individuals per plot; v(A) = the area of study plot inner circle; t = distance between individuals; x,y = points of the Euclidean distance between points x and y.
The K 1 (t) function is transformed into a function L 1 (t) as follow:
The buffer zones were included to solve the problem of edges effects (Ripley 1977) . To detect departure from complete spatial randomness (CSR), constant approximate confidence intervals were established by accepting the value ± 1.42 (A/n-1) 0.5 where: A is the area of the inner circle, and n is the number of trees in the plot, as a reasonable approximation of the 5% significance points (Ripley 1979) .
Spatial distribution of individuals of Echinacea pallida was analyzed with the modified univariate K 1 (t) function. Transforming K 1 (t) to W k allowed us to graphically present the results by displaying the pattern across multiple scales. The indicator W k was used to estimate the departure of the individual's distribution from CSR (Szwagrzyk 1990) as follows:
function from CSR; S = the width of the confidence interval;
Values of W k < -1 indicate regular distribution of the individuals, while values > 1 indicate clumped distribution or aggregation. When the spatial distribution of stems at agiven distance do not differ from a random distribution (a Monte Carlo test using 200 iterations of randomly generated x, y coordinates), the value of the curve at that distance was zero. When significant aggregation was detected, the values of the curve were positive and higher than 1 (these values increased depending on the differences among the expected and the observed values). Negative values <-1 indicated significant repulsion at the given distance.
To test differences among recruitment, mortality, and number of flower heads in each size class with respect to a given period, we used a two factor analysis of variance (ANOVA, n=5, a=3, p<0.05) for that class and year. In order to determine statistical differences among the groups, we used the post-hoc Tukey test (p<0.05) to detect differences within a given class. Basic statistical methods were performed according to Zar (1984) and were applied using the SPSS statistical package (SPSS 1997).
RESULTS
At the sampling period, plant cover almost reached 100% in all plots with occasional rocks or bare soil patches. Differences in the number of individuals, recruitment and mortality were detected. The number of individuals of Echinacea pallida increased in the five plots from 1997 to 1999 and decreased in 2000 (Table 2a ). Only two plots showed a decrease in the number of individuals when such number was analyzed plot by plot (Table 2a) . Both plots showed the highest density of individuals in 1999. Recruitment rate was higher in 1999 (0.35; Table 2b), than in 1998 (0.22) and 2000 (0.25). Mortality (Table 2c) showed a different pattern, with the highest rate of mortality (0.38) in 2000, followed by 1999 with 0.10 and 1998 with 0.01. Recruitment (number of individuals recruited from each class) did not differ among periods for size classes 2, 3 and 5. The analysis of classes 1 and 4 revealed significant differences (p<0.05), there was a higher recruitment in class 1 and lower recruitment in class 4 (Fig. 1a) in 1997-1998 than in the others periods. Mortality showed a more distinct pattern, with lower mortality for all classes in 1997-1998 (Fig. 1b) . We found no significant differences (p>0.05) in mortality for class 5 (Fig. 1c) . There were higher numbers of flowers (p<0.05) in 1998 and 2000 with respect to 1999 and 2001 for classes 3, 4 and 5. Table 3 shows the transition probability matrices calculated from the pooled data of the five plots. Previously, we determined that the five frequency transition matrices of each period did show significant differences in the coefficient values using the Pearson correlation coefficient; all combinations of matrices for each period were significant (p< 0.01 for n=25). The results for the test of temporal stationary indicated that the transition probability matrix was different for the period 1997-1998 than for that in 1998-1999 [having a -2(lnλ)= 1750, gl: 80, p< 0.01], but not from for period 1999-2000 [-2(lnλ)= -40.5, gl:80, non significant]. Also, the period 1998-1999 was significantly different from that in 1999-2000 [-2(lnλ)= 345, gl: 80, p< 0.01]. When we compared these results with those obtained during the October prescribed fires, the calculated matrices were different before than after the October prescribe fires.
We represented graphically (Fig. 2) the percentage of transition coefficients that indicated either change or promotion or reversion or death. Coefficients indicated a higher percentage of promotion in the season without the previous October fire (1998) (1999) , while no change and reversion was detected for the others. It is important to indicate that mortality became very high in the last season. Fig. (3) shows the W k transformation of the univariate Ripley´s K 1 for individuals of Echinacea pallida during the four study years. The spatial distribution showed a general significant aggregation (W k >1, p<0.05). There was some variation from this general pattern between years and plots: at short distances (< 40 cm) a random spatial distribution was detected in most plots and years. Plot 1 did not show aggregation at any distance in 1997, and plot 2 in1998. The analysis revealed a strong aggregation tendency of plot 4 in 1997, and plot 2 in 2000.
Juveniles showed a highly variable spatial distribution between plots and years. In 1998, only plots 1 and 5 showed significant aggregation less than 1 m. In 1999, the general pattern was a significant aggregation (except for plot 1). In 2000, plot 2 was the only one with a marked aggregation (Fig. 4) . The Wt index generally indicated lower aggregation for juveniles than for Echinacea pallida stems. 
DISCUSSION
Our results revealed significant changes in the spatial distribution of the Echinacea pallida population of in the three study periods. Individual´s density was very very low in plot 3 with respect the others, but this can be related with environmental variability at the plot level. Recruitment and mortality differed in the three study periods for the different size classes. Recruitment was significantly higher in the first period for class one; at the same time, mortality was significantly lower (mortality showed similar patterns in all size classes). Several studies have reported the importance of fire in the recruitment and mortality of some prairie species populations (Hulburt 1999; Vickery 2002 ). However, the number of flower heads per individual in each class suggested a strong relationship with the fall fires in the four study years; results were significantly higher for all classes in the year after the fall fire prescription (except the first one which is considered a pre-reproductive stage) (Fig. 1c) . Fig. (4) . Values of the W k index for recruitment of Echinacea pallid (only new individuals). The index was calculated every 10 cm (notice the different scales in graphs with respect to Fig. (3) ). Again, significant aggregated distribution is indicated when W k < -1. An intermediate situation between aggregated and complete spatial randomness is indicated when W k is > -1 and < -0.333.
Transition matrices did not show significant differences when comparing 1997-1998 and 1999-2000 . However, significant differences were found when comparison was made with the period 1998-1999. We suggest that fall fire had an important effect in the transition coefficients, and that Echinacea pallida follows a dynamic response to fire: it produces a high number of flowering heads (using the high nutrient availability after fire) but it either reverts or remains in the same class.
Although the effects of fire have been extensively studied in the reproductive dynamics of prairie plants (Dudley and Lajtha 1993; Hamilton 1996; Vickery 2002) particularly with respect to plant survival (Maret and Wilson 2000) , reversion of plant size is not a common response. We only had two fire seasons and one non-fire season, and only four years of sampling in our study. However, results suggest that a regular rate of fire is an essential feature for the population dynamics of E. pallida. It allows the maintenance of a stable population. The spatial analysis indicated the same direction of changes. The spatial analysis of Echinacea pallida stems revealed a tendency for a significant aggregation in almost all plots and years. Aggregation at different distances should be related with the prevalence of favorable microsites, such as areas with low rock cover or higher humidity. Environmental micro-heterogeneity is an important factor in determining the spatial distribution of plants (Manabe and Yamamoto 1997) . However, spatial distribution at short distances (20 to 40 cm) showed a random distribution.
Leaves of Echinacea can be 40 cm long; thus, individuals growing at less than 30 cm from each other may be subject to mutual shadowing; these areas will eventually have negative consequences for plant establishment.
Plant aggregation became more important from 1997 to 2000. This is more likely related with the increase of individual plants in the population.
Juvenile plants showed similar patterns, except for years 1998 and 2000, when no significant aggregation was detected below 100 cm distance among plants. In 1999, aggregation started at 20 cm (Fig. 4) , and it was stronger for juveniles with respect to other years. Recruitment presented the highest rate during that year also (Table 2) , corresponding to the year previous to the prescribed burning (in opposition to the other two study years). Fire opens spaces and increases soil nutrients, allowing for a more aggregated population at short distances. Carbon investment goes to the establishment of new individuals neither than to growth of the individuals already present.
Although we only analyzed one large population and the conclusions cannot be extrapolated without further studies, these results are consistent. We can suggest from the studied period that if current management practices are maintained in the preserve, this population of E. pallida will present a stable population structure; it will invest energy in the production of flowers heads after an October fire and in the growth of individuals when years are not preceded by it.
